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GENERAL | NTRODUCTI ON

The field locations (Figure 1) for OCSEAP meteorol ogi ca
data gathering along the Al askan Beaufort Sea Coast (since 1976)
were mainly concentrated in rectangle A.  The P |l ocations were
surface pressure data sites. Pt. Barrow, Franklin Bluffs,
McClure Islands (Narwhal) and Barter Island are now permanent
pressure stations (Kozo, 1981) which offer “continuous” data and
cal cul ated geostrophic winds. The April 1981 Beaufort Sea (Sale
#71) synthesis neeting outlined several analyses voids which could
become serious gaps in the environnental assessnent program
These voids were:

(I-a)  Conparisons of available historical data to the
5 years of summer field data and degree of
applicability.

(I-D) freﬁgency of “normal and “abnormal” summer w nd
i el ds.

For exanple the sunmers of 1975 and 1980 were poor operating
years for the oil conpanies since the ice edge was pushed close
to the coast by prevailing westerly wind conditions. Also the 1977
(August) data contained a negative storm surge event that dropped
the water depth in Sinpson Lagoon by 1 neter and produced a
direction distribution that showed easterlies dom nating over 70%
of the nmonth.

(I-c) A development of a statistically representative
time series of wind speed and direction to drive
the oil spill nodel being devel oped by Chris

Mungall (O0.C.S. investigator) and the wave H ndcast
model of Frank Wi (new o0.c.s. investigator)

(I-d)  Wnd-wave data and analyses with zero information
on wave induced currents which can reach 1% of the
wi nd speed (Kinsman, 1965) or lead to a 25% error
In Mungall's oil spill trajectory nodel.



1.0 H STORI CAL W ND DATA ANALYSI S AND MODI FI ED MARKOV MODEL
TO GENERATE TI ME SERIES OF COASTAL W NDS.

A Results
1) Bivariate Distribution Data

It has been shown in previous annual reports (R.U. 519,
1977-1981) that surface w nds have been well correlated for OCSEAP
data collection |ocations from Cape Halkett tO Brownlow Pt. in
the late spring and summer seasons. These data were collected by
Met eor ol ogy Research, Inc. (MRI) mechanical weather stations with
direction accuracy of = 1% of full scale (360°) and wind SPeed at
+ 2% of the neasured value. The data are taken in the formof 3
hourly averages.

The historical data anal yzed was taken from one O ass
A-1 weather station (Barter Island) , one airport (Deadhorse) , and
two Distant Early Warning Sites (DEW Lonely and oliktok) ..The data
collected at the DEW sites were instantaneous readings taken every
6 hours at approxinmately 2 meters above their airplane |anding
fields. The data collected at the Deadhorse airport were in the
form of instantaneous readings several meters above the runway
el evation with sone years of data collection at hourly intervals
but only from6AMto 8PM  The da-ta from Barter Island was taken
hourly but still in the form of instantaneous (“quick-look”) read-
ings. The characteristics of the historical data are then, in-
stant aneous readings, variable time periods of collection, direction-
ally coded interval's (21° intervals, =10.5° error built-in), data
el evations less than 10 neters and generally inconsistent method-
ology . Therefore, Figure 2 is a pleasant surprise. It represents
an eight year average (cataloged Deadhorse historical data exists
from 1968-1976 with poor summer 1968 data) of total percentages
(August) for sinultaneously occurring Surface winds directions (less
than 60° apart) at various station combinations (see Figures 3-8
as exanpl es) taken from bivariate distribution tables. The station



conmbi nations were Lonely-Barter Island (366 km , Oliktok=-Barter
I'sland (232 kn), Deadhorse-Barter Island (181 kn), Lonely-Deadhorse
(190 km), Lonely-Oliktok (130 km) and Oliktok-Prudhoe (66 km). The
nunbers (percentages )between the two di agonal tinmes (Figure 3-8)
desi gnate occurrence of sinmultaneous wind directions that are wth-
in 60° of each other. Totals of the percentages between the I|ines
were used for Figure 2. It can be clearly seen that the correla-
tion increases with decreasing station separation distance in a
linear fashion. Extrapolation to O distance (dashed line) indicates
that for these data and station conbinations 74% is “perfect”. The
Prudhoe Bay (Deadhorse area) to oliktok coastal region was the nmjor
area of the OCSEAP studies (1976-1980) and Figure 2 shows an avera9e
loss of 14% in correlation if Barter Island surface wind data is used
to describe all coastal surface winds. It nust also be nentioned
that all the bivariate distributions (Figures 3-8) exhibit the

typi cal bimodality in east-west directions but no indication of a

consi stent turning angle difference exists between Oliktok and Barter
| sl and. .

2) Probability Density Data

Probability density plots for Barter Island surface w nd
direction data in August the main open water nonth can be seen in
Figures 9-38 for the years 1949-1978 ( in order ). Simlar plots
were generated (not included in this report) for July and Septem-
ber separately as well as conbined plots for July 15 through Sept -
ember 15 (typical time period of open water) . There are 3 main
types of wind directional fields, all of which show the usual bi-
modal ity due to southerly wind (145° - 210°) suppression by the
mesoscale coastal thermal contrast (Kozo, 1979) . The first type
(Type 1) and nost predom nant (7 of 10 years) show a 60% easterly
and 40% westerly directional bias. cottle Island (Jones Islands)
winds froma conplete nonth of August (248 data points) in 1978
(Figure 39) were chosen to represent this Type | condition and are
bei ng used by Chris Mungall (OCSEAP investigator) to drive his oil



spill trajectory nodel (note: conpare with histogram from Barter
Island Figure 38). The histogram from Barter |sland Figure 37 and
Figure 40 from cCottle Island for August 1976 represent a "finger-
print” of Type | wind directions that led to a banner shipping and
operational year for oil conpanies on the north slope since noderate
speed easterly winds were dominant and dept the ice edge away from
shore.

It nmust be noted that calendar nonths are an artificial break-
down of tine histories of wind fields. An extreme case (no category
like this) wind histogram can be seen in Figure 41 which runs from
m d- August 1980 through mid-September 1980. This wind direction
di stribution (opposite to the Type I case) hel ped produce what Done
Petrol eum of Canada described as the worst ice conditions ever in
the Beaufort Sea (Ol and Gas Journal, 1980)

The second (Type 1I) and the one damaging to conmercial opera-
tions on the artic coast is a directional distribution with a nmere
50% Easterly - 50% Westerly (or a slight westerly bias) since west-
erly winds induce shoreward transport in the water colum (in |ess
than 6 hours) bringing the sea i ce edge closer to shore. Figure
36 fromBarter Island (1975) and Figure 42 from Tolaktovut (August
1980) are exanples of directional distribution Type Il for years
wer e operations were severly hanpered due to ice conditions. These
conditions appear 2 out of every 10 years and the 1980 (Tolaktovut)
data from August 1 through Septenber 24, 1980 has been chosen to

drive the ocseapr oil spill nodel as representative of the Type |
condi tions.

The last type of wind distribution (Type I11) occurs once
every 10 Augusts. It can best be seen in the August 1977 data

(-Figure 43) for cottle Island Figure 38 for Barter Island). This
data was influenced by a negative storm surge which contributed
persistent synoptic easterly winds for alnmost a week resulting in
a better than 75% easterly wind accunmulation for the month. A



| arge open water area was created between the ice edge and the
coast but shipping was hanmpered by the high winds (up to 40 knots)
[t nust be noted that wi nd induced waves and wave induced currents
must be fetch dependent. Fetch in-turn is dependent on the pre-
vai ling synoptic wind conditions which can bring the ice edge in
or out.

3) Statistical Characteristics of 30 Years of Data from
Barter |sland

Plots of correlation coefficients (P) between adjacent data
points in a tine series (lag one autocorrelation coefficients),
mean (M , and standard deviation (sD) can be seen in Figure 44
and 45 for speed and direction respectively. (Note: 1979 data had
many gaps and was not used). For speed, the typical August had
p= .75 M= 10 knots (~ 5 ms) and s.D. = 5 knots (~ 2.5 m's).
For direction, the typical August had o = .75, M= .4 (x 360 =
144) and s.p. = .275 (x 360 = 99). Plots of auto correlation co-
efficients for speed and direction increasing lag (not shown) have

a 1 value reached in 3 lags or 9 hours for typical Augusts. This -
e
shows that winds are reasonably correlated for a time period greater

than the response tine of a noving ice floe to the w nd.

4) Statistically Representative Time Series of Wnds
for Typical Augusts and Atypical Augusts

a. Further Conponent 2lots of Barter Island Data for
August (1949-1978).

Figures 46 through 52 are exanples of Fourier conponent plots
for direction (Part A) and speed (Part B) data in designated years.
These individual conmponents are conpared with a pure first order
Mar kov continuum (curved line, red noise) generated fromlag one
(random straight [ine) continuum (see Kozo and Tucker, 1974)

The graphs show conponent wave nunbers (abscissa) and variance
(ordinate). The wave nunmbers can be converted to periods by



remenbering that the data sanple size for one nonth is 248 (every
three hours) , thus wave number 1 has a 744 hour period and wave
nunber 31 has a 24 hour period (diurnal cycle) . Wave numbers less
than 16 represent synoptic influences. Statistical significance of
conponent val ues above the white noise or red noise curves may be
obtai ned (Gilman et al., 1963) by (1) assuming alternate nul

hypot heses that the data are either all white noise or all red
noise (2) calculating the ratio _F.s. Where F = degrees of freedom,

S = peak anplitude and W = anplituge of the Markov or white noise
conti nuum at the sanme harmonic, (3) conparing this to the percen-

tage points of the chi square distribution for the sane F val ue.

I ndi vidual harmonic anplitudes generated in the respective Fourier
anal ysis have 2 degrees of freedom Therefore the chi-square dis-

tribution table shows that peaks significant at the 5% | eve

must be approxinmately 3 times larger than their corresponding
white or red noise val ue.

The actual wi nd speed and direction data (see Figure 52 for
exarmpl €) usual |y has at least one or two significant non-Markovian
conponents at a synoptic period (less than wave #16) and one sig-
nificant feature near the diurnal period (wave #31) . The diurna
period is a determnistic function which is imbedded in the tine
series data with a relatively constant phase angle and anplitude.
The significant synoptic periods that occur are not the same from
year to year with varying phases and anplitudes. Therefore, trying

a Fourier technique to nodel the typical August open water period
has been unproducti ve.

b. Markov Mbddel s

Chow (1964) di scussing Markov processes nentions a successful

first order Markov chain nodel that can be used to generate a
tine series. It can be witten:

= rx (1-1)F + s_(1-r2Y et (1)
x, = T¥ g + (1-1)% s (1-r ) e



where x, is the value now =x._; is the immediately preceding
value, r is the Markov chain coefficient (in this case, the |ag
one autocorrelation coefficient) , x and S are the nmean and
standard deviation of the historical data and et is a nornally
di stributed random conponent with a O nean and standard devi a-
tion of 1. This is a variation of the Mrkov chain defining

equat i on:
-1 7 St (2)

where the probability of a systemin a given state (x,) depends
on the imediately preceding state (x._.;), the correlation
coefficient (r) and a random variable (et) . Equation (1) will
generate x,’ s for speed and direction that are normally distri-
buted and preserve the mean, variance and first order correlation
coefficient of the historical data {Fiering and Jackson, 1971)

The” historical wind speed data from Barter I|sland and the
DEW sites (Lonely and oOliktok) show a unimodal distribution
(Brewer, et al. 1977) which can be nodeled by the generating
equati on above with a random nunber “generator” (CDC function-
routine) . Figures 53-55 are speed histograms generated by the
nmodel for p =r = .25 (Figure 53) , .50 (Figure 54) and .75
(Figure 55) with a constant M = x°10 knots and SD = Sx°5 knots
and random numbers from a normal distribution. Figure 55 gives a
wi nd speed distribution simlar to the historical data with the
mean standard elevation, and |ag-one autocorrelation preserved.

The August historical wind direction data is another prob-
lem It is a bimodal distribution with directions fromthe SSW
to SSE sector suppressed due to the coastal thermal contrast.
Equation (1) is again used but when directions are generated in
the suppressed sector they are not retained in the synthetic data
set but are utilized to generate the next nunber in the sequence
which will be retained when it falls outside the SSE-SSE sector.



In this way the historical defining statistics are mnimally
di sturbed, and retain their original character while preserving
the determnistic effect of the coastal thernmal contrast.

Figure 56 is an “exanple of a conputer generated wi nd direction
distribution which sinulates the nodal Augusts (histograms) pre’
serves the statistics, and contains the determnistic effect of the
coastal contrast. Figure 57 is a Fourier analysis of the above
generated wind direction time series conpared to a first order
Markov continuum and a white noi se continuum (level line). The wWave
Nurmber 20 (37 hour period) is a statistically significant peak and
the auto correlation function (not shown) hits é_of its initia

value in 9 hours just as the typical historical data.

It nmust be mentioned that 2nd higher order Markov nodels
were contenplated with above tenth order being computationally
excessive. To test the efficiency of equation (1) above, a curve

fitting technique for a nth order (up to L00th order) Markov process
was used (Fiering and Jackson, 1971) of the form:

3
‘b-X b X_ _ +et s (-2 (3)

+ bZXt-Z 3%¢<3 7 77 Tmt-m

't = b+ bR

where b. is anal ogous to (1-r) X in equation (1) and by is anal o
gous to r for order 1. et and s are the same as in equation (1)

but 5,1- R?Y% is the standard error of the estimate with R the
coefficilent bof determination. Rsignifies a rating of the explana-
tory power of the successive higher order nodels. A plot of R Vs

order nunber can be seen in Figure 58 (data used for fit was Cottle
Island 1978, nodal year) . The criterion is to stop when the R

curve levels off at some plateau which is hopefully a higher
nunerical value than order 1. The 10th order gi ve a value of R=
.62 and is a significant plateau. However, fororder 1 the Ris

.56, therefore the gain in going to higher orders in the Markov



model is very slight. The real data has a |lag one auto correlation
of .75 which corresponds, to by in equation (3) or r in equation
(1) and the real data also has a nmean (X) of 144° which is con-
tained in b. (equation (3))and (1-r) X of equation (1). The com
puter generated b. fromthe curve fitting technique has a val ue
of .7534708 (from 1978 cottle Island Data, chosen to drive the
OCSEAP oi|l spill nmodel for the typical year) and a by = 35.21342
which yields a X = 143. Again this evidence shows that a higher
order nmodel from a curve fitting technique will not inprove on the
nunbers generated by equation ().

'

The nodel can be started off with east or west w nds using
equation (1) and still preserve the historical statistics and
probability density functions. The conputer generated random num
bers froma rectangular distribution are converted to a set of
random nunbers with a normal distribution having a O nean and
standard deviation of 1. The sane form of histogramis obtained
regardl ess of the set of random nunbers provided they have the
above characteristics. Figures 59 and 60 are histograms with
P= _.5and » = .25 respectively, showing the sensitivity of the
nodel to the |ag one autocorrelation coefficient.

A check on the nodel output for wind direction in the case
of a random number set with a rectangular distribution can be seen
in Figure 61. The resultant “fingerprint” is simlar to the Type
Il bad year cases for real data and has the statistics preserved.
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FIGURE 2: CORRELATION PERCENTAGES FOR SIMULTANEOUS
OCCURRING SURFACE WIND DIRECTIONS (LESS THAN

60° APART) AS A FUNCTION OF STATION SEPARATION

FOR THE ALASKAN ARCTIC COAST TAKEN FROM
HISTORICAL DATA.
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FIGURE 34: SURFACE WIND DIRECTION HISTOGRAM FOR BARTER
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2.0  WAVE HINDcAST STATI STICS

2.1 | NTRODUCTI ON

The environmental conditions characterized by the wave
field in the Beaufort Sea were attenpted to be determ ned by
t he wave hindcast scheme. The deep water wave height, period
and direction, the breaking wave height and depth, the wave
set-up and run-up, and the wave-induced current in deep water,
as well as in wave breaking location, were calculated by the
finite difference schene of a Fortran code devel oped by Tetra
Tech. The study areas include Harrison Bay, Sinpson Lagoon
and Brownlow Point. Six beach profiles were selected as
shown in Figure 2-1 to represent the study areas. The
recorded wind speed and direction at the station of Cottle
| sl and 1980 (negative surge), Cottle |Island 1978 (typica
year), and Tolaktovut Point 1977 (persistent westerly wi nd),
were used as the wind field for the hindcast of the deep
water wave field. A steady and uniformw nd along a certain
direction ws assumed for every three-hour duration correspond-
ing to the sampling rate (3 hourly) of the wind data used for
this study. Tw fetches were sinulated for the hindcast of
the deep water wave. The first fetch was assuned to be
infinity for a fully devel oped open sea condition. The
second fetch starts out fromthe offshore l[ocation of 100 ft.
contour, which was intended to sinulate the condition

under the effect of ice edge. As a result of this study, the
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wave and its related anbient conditions were determ ned, which
woul d be very useful for the assessment of the environnental

i mpact study in the Beaufort Sea area.

2.2  THEORI ES

2.2.1 Wave Ceneration and Propagati on

Hasselmann's paranetric w nd-wave nodel (Hasselmann, K
et al. 1976) was adopted for the hindcast of the deep water
wave. The fundanental concept of Basselmann's one paraneter
model is based on the premise that the response of the wave
field to the wind input can be described by two processes
which occur at different rates: 1) the rapid adjustment of
the spectrumto a universal shape and an energy |evel such
that the input by the wind in the dom nant region of the
spectrum i s balanced by the nonlinear transfer and possibly
di ssipation and, 2) the slower mgration of the peak toward
| oner frequency due to the nonlinear energy transfer across
the peak. This concept has been verified by Jonswap's field
results (Hagselmann, K., et al. 1973) and also by wu's
| aboratory results (Wi, HY., #su, and Street, 1979) . The
one paraneter nodel is linted to growing seas and cannot be
extended into the swell range. The governing equation for

one paranmetric nodel is:

LN R 7/3 (a_g . a_g_)



wher e, P, =0.95
No = 5.5 x 10-°
3 _U 3 3 _uyg 7 ol e 99
5T g 3t’'5n - g 'm -V le' - ang
£, Uf /9 , . -0.85 for cos?s spreadi ng factor
u is wind speed, g is gravitational acceleration

f.is peak wave frequency.
For a uniformwind field, the governing equation for predicting
a local peak frequency can be sinplified as:

af, gy ¥ 1003
= -5.5 x 10 (U)) .

m

The analytical solution of the above equation in terns of the
normal i zed peak wave peri od, ép and normalized significant

wave hei ght, Hs can be expressed as follows:

For X < 3.5 x 103
H, = 1.53 X 10-°%°-3
T, = 0.341 x0-3

otherwise H, = 0.283 tanh (0.0125 x°-*?)

~

Tp

7.54 tann (0.077 X925

A 2 ~ A
where x = gXx/u”, Ho = gHS/UZ, Tp = ngHJ. The results calcu-
lated by the above equations conpare quite well with the
measurenents. For a given set or significant wave height, Hs

peak wave period, TP and wave direction, e, a deep water
directional wave spectrum F(w,8) can be approximated. \Wen .

wave spectrum propagates through the shallow water region, it
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wi Il be subject to the effects of shoaling and refraction
and the transformed spectrum can be related to the initial
wave spectrum (Battjes, 1974; Collins, 1972; Longuet-H ggins,

1957) , as follows:

Flw,0) d0dw = X 22 r_ (0,8) 38 55 aw

where o denotes the initial conditions and Cg = nw/k IS the
group velocity. Assume the directional spectrum F,lw, 8.)
can be deconposed in such a formthat the energy distributed
in different frequencies, E_(w), are wei ghted by a directiona

spreading factor ¢(6_), i.e.: F_(w,8,) = E j(w)d(8 ).

Under the assunption of parallel bottom contours, Snell's
Law, i.e.: sin8/siné_ = k_/k, can be applied to relate the

refracted wave angle o, to simplify the calculation, i.e.

k. coseo deo

de =
(K- K’ sin®e )2

Finally, the transformed wave spectrum can be witten as follows:

2
n_k“k _cos 8_¢(8 YE_(w)
F(w,d) dodw = =2 o o © ©

de _ dw
2 r.2 2 . 2 1/2 o
nko [k kg sin e ]

This transforned wave spectrumis valid prior to wave breaking.
After wave breaking, a different approach for the calculation

of wave height in the surf zone is applied.
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2.2.2 \Wve Breaking Criteria

In the ocean, as a wave exceeds certain kinematical or
dynamcal limts, the wave will bé broken and reformed. T h e
vi si bl e white-capping phenonena is the result of wave break-
ing. It has been argued (Phillips 1958, Kitaigordiskii et al.
1975, and Thornton, 1977) that in order to satisfy the
ki nematical or dynam cal constraints of wave breaking, the
wave spectrum in the high frequency range where wave breaking
occurs, must have a certain universal shape exis'ting, which
is known as the equilibriumrange. One can enploy dinensiona

analysis to derive a formfor the equilibrium spectrum

The equilibrium spectrum ¢(w) Wthout the effect of
current can be expressed as (Kitaigordiskii et al. 1975,

Thornton, 1977, and Wi et al. 1980):

Vv(w) = otk-z(Zno.))-'1

where a is Phillips’ equilibriumconstant, n is the ratio of
group velocity to wave celerity, k is the wave nunber and w
is the angular frequency. The asynmptotic forns of w(w) in

the deep and shallow water regions can be shown as

¥p(w) = ag w

and

Q
ws(mn = 5ghm
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respectively. The coefficient, /2 needs to be verified in

t he shal l ow water region.

As a wave field propagates toward the shall ow water
region, the process of wave dissipation, within the equilibrium
range, is not sufficient to characterize the spilling, surging,
or collapsing type of breakers which occur in shallow waters.
Therefore, additional shallow water wave breaking criteria
are needed. As proposed by Wi et al. (1980), based on a com-
bi nation of the state-of-the-art know edge of breaking height,
breaki ng depth, deep water wave characteristics, and beach

sl ope, the breaking criterion can be described by

H < yd

where v = Hy/d, and H and d,are breaki ng wave hei ght and
depth, respectively, which are functions of beach slope and
incident wave characteristics. The breaking wave height is
determ ned by the conbination of Goda's index (Goda 1970) and

LeMehaute and xoh's (1967) wave breaking condition, i.e.:
p = 0.74H,.S ' (m_sL)702% . (cose )0 3%
(coseb)0'28
and

(0.15 + 6.4 . Ho /cos®_/L_) -8

o
I
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for

0.002. < Ho vcos /L, < 0.1 and 0.026<_0.1

where S is the beach slope, Lo is the deep water wave |ength

and oy I's the wave breaking angle.

The breaking water depth &, is the summation of the

still-water breaking depth, h, and the maxi mum wave set-down,
n, at the breaking |ocation. The still-water breaking depth
h,is determ ned by weggel's fornul a (Wweggel, 1972), i.e.:

b = HI [b - (am/gr ]

wher e
a =1.36g(1- ¢ 22°S) and b= 1.56/(1 + e 199
The maxi mum wave set-down n, at the wave breaking point can

be estimated theoretically for a solitary wave. The theo-

retical form of % iS:
= -H *®/g To 6 _/[64n(h_ + nfyzl
Ny = . g cos® b RUR

Finally, v can be determined for a given set of initial wave
conditions and beach slope. Then, the breaking condition can

be establ i shed.

The combination of equilibrium spectrum check (which

woul d l1imit the energy contained in the relatively high
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frequency range of a wave spectrum), and shallow water wave
breaking conditions defines a very good breaking criterion
predicts a better breaking |ocation and, hence, provides a

better sinulation of the surf zone processes.

2.2.3 Wve Set-up

Wave set-up is defined as the rise of the nean water
surface caused by the balance of the wave induced momentum
flux in the surf zone. The additional nomentum generated by”
the waves on the water surface is terned “radiation stress”
by Longuet-Higgins and Stewart (1960) . The wave set-up is
dom nated by the rate of decrease of radiation stress in the
surf zone. Consequently, the criterion of wave breaking and

the rate of decay of breaking wave height are extrenely i npor-

tant to the wave set-up prediction.

The governing equations for the wave set-up nodel are
the depth-integrated and tine-averaged equations of notion
and continuity. The problemis further sinplified by the
assunptions of one-dinensionality and steady state conditions,
negl ecting the effects of bottomfriction, coriolis force,
surface wind stress, currents, and pressure gradients. Then,

the governing equation at the direction normal to the coast-

line can be witten as:

n -1 a"i?x

x  pg(h+n) ox

Q
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where n is the nean water surface, h is the still water depth,
pis the density of water, g is the gravitational acceleration,
X is the direction normal to the coastline, and Syx Is the
component of the radiation stress in the x-direction.

The radiation stress of a directional wave spectrum

P{w,6) can be expressed as (Battjes, 1974):

= 1 2
Sy = pgff [n - 5 + ncos 8] Flw,®) dedw
w O

where © is the wave angle, and n is the ratio of group velocity

to wave celerity, i.e., n = 0.5 [1+2kd/sinh(2kd)]. w is the

angul ar frequency, and w? gk tanh (dx) for a linear wave
theory. k is the wave nunber and d = h+nis the total water
depth. The refracted wave angle o can be cal cul ated by Snell's
Law for parallel bottom contours, i.e.: sin®/sind_ = k_/k,
where o denotes the deep water condition or the initial condi-
tion. Once d and k are determ ned, n, ©, and hence the radia-
tion stress can be calculated by the above equation provided

F(w,0)d0 dw was determned for a given water depth,.

After breaking, since the breaking wave spectrumis not
wel | understood, an enpirical relationship describing the root
mean square wave height, #, as a function of beach slope, |oca
wat er depth, d, and breaking wave height and depth is adopted

For the determnation of H, the functional formis:

H/H, = £(d/4,,S)
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Snell's Law and the dispersion relation are assumed to
hold within the surf zone on a gently sloping beach. Then the
radi ation stress is approximated by that of a nonochromatic
wave represented by the root mean square wae height, nean
direction, and nmean period in the surf zone, i.e.:

‘yx =(n - %+n cos?8). 38: pgﬁz

Finally, the governing equation for the prediction of wave
set-up can be solved by an explicit forward finite-difference

nuneri cal schene.

2.2.4 \Wve Run-up

Vave run-up is defined as the maxi mum vertical water
di spl acenent on the face of the structure above the still-
wat er surface during the wave attack. Since no sound theo-
retical background assocaited with the characteristics of
breaki ng waves has been established, the state-of-the-art
cal culation of wave run-up is essentially based on experi-
mental results. Because Hunt's equation can always produce
a reliable estimation of wave run-up for breaking wave cases,
it was adopted for the basic analytical foundation. Hunt 's

equation can be described as foll ows:

E: 2.3 .S . (g/m)"1t/2
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where T is wave run-up, S is beach slope, B and T are wave

hei ght and period, respectively.

2.2.5 Wave-induced Current

Since the particle motion of a finite anplitude wave cannot
be closed, there nmust be a slight net transport of nmass which
I's corresponding to the wave-induced current. The deep water

wave- i nduced current, U, can be expressed as foll ows:
B. 1964)

(Ki nsman,

U = 1282 C o2kZ

c

where § = HL, His waeheight, L is wave length, Cis wave
speed, k is wave nunmber and Z is the water depth. U at the

surface of water (i.e., Z=0)1is

Ueg = W2H2C/L2 = WZHZ/(CTZ)

For a deep water wave, C = gT/(2w) and

_ ,.3.2 3
Usg = 2T E7/(gT7)

where g is the gravitational acceleration and T is wave period.

A rough estimate of the wave-induced current under wave break-

ing condition, (Uco)b may be approxi mated by applying ¢ = 2n/
(k,T), k, = k /Coth({kd), and k = 4w2/(gT2)i n the equation of
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u whi ch yields

co!

(U.) 5 = 2"332/(gT3). /coth(4n2d/gT2)

where d is the water depth. Therefore the ratio of the wave-
i nduced current between the conditions of deep water wave and

breaki ng wave is
(Uco>bx/ ;5 /ComED >1

Apparently, the wave-induced current under wave breaking con-
dition is always larger than that of under deep water wave

condi tion.
2.3 RESULTS , DI SCUSSIONS , COVPARI SONS, AND CONCLUSI ONS

The statistical results of the wave field in the Beaufort
Sea area for the period of August of 1977 (persistent westerly
wind condition) , 1978 (typical year), and 1980 (negative surge)
have been obtained by applying Tetra Tech's numerical nodels.
An uniformy distributed wind field over the entire study area,
whi ch includes Harrison Bay, Sinpson Lagoon, and Brownlow
Point, was assunmed. Thus , the deep water waves were hind-
casted by the one-dinensional wenodel, consequently, the
shal | ow water waves were transfornmed from the deep water
waves . The locally generated shallow water waves were

negl ect ed.
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The probability distributions of the deep water significant
wave height, Hs, peak wave” period, T, breaking wave height,
b breaki ng water depth, D, wave run-up, R wave set-up, n,

deep water wave-induced current, U

co?

and breaking wave-induced
current (U, , were calculated for the selected six beach
profiles. A get of probability distributions of the input

wi nd speed, U wnd direction, 6, Hs, TP’ heoop and per -
cent ages of Uoo/U and (Uco)b/U were presented in Figure 2.2
through Figure 2.9, Figure 2.10 through Figure 2.17, and Fig-
ure 2.18 through Figure 2.25 for August of the year

1977, 1978 and 1980, respectively. The probabilities indi-
cated in the nost right-hand side of the graphs represent the
statistics of zero onshore waves. These have about 7% 20%
and 65% of such statistics for August of 1977, 1978, and 1980,
respectively. For 1980’s case, it has nuch higher percentage
of the zero wave statistics and negative surges. These are
due to the persistent offshore wind condition during August

of 1980.

The nean and maxi mum val ues of Hs, Tp H and D,at two
different fetches were shown in Figure 2.26 through Figure 2.28
for the years 1977, 1978 and 1980, respectively. The results
corresponding to the larger fetch are generally larger conpared
to those of the smaller fetch. It inplies that the effect of

ice edge tends to reduce the values of 2_and T and, hence,

Pl
their corresponding values. The results for 1977 are the

| argest ones, as expected, due to the persistent wind conditions.
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The statistics of the deep water HS,TP and Uy are al nost

the sane for all the beach profiles because the same w nd con-
ditionswere applied. Consequently, the results of H, D, and
(U,) are very sinmlar. The averaged and maxi mum breaker
zonesbare lorated at the near shore water depths of 1.5 to 3
ft. and 3 to 11 ft., respectively. Since Harrison Bay has a
broader continental shelf, therefore it has a |arger breaker
zone conpared to those of Sinpson Lagoon and Brownlow Point.
The wave run-up and set-up seemto be negligible due to the
gentle continental slopes and the nornal deep water wave con-
ditions. The significant finite anplitude wave-induced
current seems to have the same order of magnitude as the

wi nd-induced drift current (3 7% of the wind speed) in deep
water as well as in the breaking locations. Therefore, it

is strongly recommended to include the effect of wave-induced

current in the estimate of the oil spill novenent.

2.4 RECOMMVENDATI ONS

A 2-di mensional w nd-wave hindcast scheme is strongly
reconmended for the future study. This 2-D nodel would have
better capability to handle storm wind conditions. Therefore,

better quality of the hindcast results could be expected.

The ice edge model should be incorporated with the wave

prediction nmodel for the better estimate of the fetch.
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The 30 year’s wind data at cottle |Island and Tolaktovut
Point could be utilized for the generation of the general wave
statistics, especially for the design criteria of offshore
structure in the Beaufort Sea area.

The wave-induced current, long shore current and the
m xing due to the breaking wave in the surf zone are par-
ticularly inportant for the prediction of the oil spill nove-
ment. Therefore, we strongly urge that these mechani sns be
included in any future nodeling effort or environnenta
statistical studies.
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